J)CL- ^l 



Whirlwind I Compxjte: 



ao The Whirlv/in.:i I co:;:uir:;'3:c (Wwl) uses vjordo in its op3ra'Gioa,o 
A wo^ is an array of sixuoen b5j7,;i'-y uxs-'/'iSo 2?or roferencoj, tnb sixte^'^i 
binary digits of a word aro nuffibc/^A i'roi.i to 15 ^ couxi.ting from lef-b iic 
rigUt o 

bo A v/ord JTjay bo uss:;. ' "^ olt:':L'\.-? u'. _An^;ru:^r3r^ or an ,liH;|;^o;|j:lono 
The distinction is imde by the ;;;:;-,>:;.:• jn .vii:lch 'blie vjorci is'Hsedp iiot by 
the form of tiiG vjord its3.1:i.% 

Co v/WT has an f^j^}^^^' >'- ^ > '^'il "■'-^ ^hioh wcxrda ars preoeesseclo 
K^heii a vjord is used in tii© er^i-Gl'. .: c.v ."''"'V'jp it is gans-rajj^y being 
traated as a nuirj^ero 

do VJV/I has a co;itro3, , r •' : .1 vjiiieh viords are obayedo V/hsai 



a vjord is used in ths control eir^ . , : , ;V - j3.ways bsing treated as an 
instmctiono 

.Go v/JX has ^■^injag^ol' I ' " > ''I. CM) which contains 2016 

storage registers or iGCatiopc^ : i '-"' « ^2 to 204? o The nuraosp 

by which -a register is r3farred to ;l5 eallod its adcireesso Bach ■so^.s-- 
ter can hold on«^ wordo Both tho a;r:ithji3tic elojiient aiid tha coxitrol 
elemont obtain the word. a they nQQd ■ti:i\x\:. I.O/Io 

fo To solire' a -problsifi nm..2f^, 'Ml^ a saqnonce of words liiust 
initially be ££2^ i^ to MOMo Th:l5 sonnonco of -words ^ coiiiprising the 
numbers and instructions recraired vC'. ■:-o:iTe a problomo is ca2j.ed a eodec^. 
.program or a routine o The procoG.rv;: :; of determining a suitable iiisthod 
for solving a problem is cal3.ed r^^o^^.'^'roirdju^ the procass of t^an3latislf^; 
this jnsthod into a coded program is called codin|?o 



;; .;a/. : ■ ,:j 



v::il n.ou:":^i')r; {i>h^ v'onvcjrfiio.;; ••'■ 

ji.ro a.V7;)lJ.a'':;l3 ti> rerioi-osont l;]:.e 
to about 4^7 c].Gci}ji;il clip;!, i;3;, ;i;.\ 
7j;i,t.b.on.i; us lug £Ti3Clai px•0|■•;:;^ah;:?^; 

.f:i*?.c1'l.o;;i6 by typing; '':^iiii'i\ :.. . :■:.: 
oftaii u.;JtQ.:ul. to ;:?onB:ldor a JcuLib 



.■.■ i;';lv];;u:y bvr^n(]; dona 'by 'vhi: ooi.i- ■ 
; I- viX'ir':Uiii, pi?; - c X n lOji o i? '^^ ri; i^is, •!>j,.3 



j/3;C'- 



is an. ixaeo^^x r, It i3 . 












:A;h-/X..- t.l:.- 



■'J.V 



Oiii;! o:r tlieasi has a pos'iti'sj'e ;;-ir'U 
a ]i:5gativo sigiij is written c.(V-- 

tj:i3 a5is?i!::;r to a caiiip^At3,tion i;;:; :;:■: 

113; ., l;!;i;£fe^t;-;;i^i>^^io ■ 

>he s.d!|reBs section,- 'libo cpo -:■■-. 
;ln>r;;ruet;i o:d. ( ac'5.:lt 5,on j, i-:j.i j..!- '. i- :^ . /., ^: ; 
.aorjaaXl.y cojitalas tb-uj add:c3?-.a a:': 
:iG tfe,© opQ 1*^1 t>:i Oil i Isi s. iiBV'J iui^'v^ 

n^ /"^ ■'**■•;■•* L-*. ^") '"Ti r***'!^ I'-V ■"■■'*/". ^P"-"' ■"(■ ■%■'" '■-.'■-■k «**';• 4~^ i ^ i'l"- '■ ' 

be rixplaliisd '^^'^i the iasi;ru;;-:t5-C;' 
b:. Fi)::' 'input to 'iDn.., . 

^I!i:'eKe iforrns o:r adclross ]).are barm 
CS OQSiKiirt-s;?., -sn'-l th.8 cOi:rfeir!;i6.r;.o 

lelriio:? (JS i'ir::\,r:uotLv \.Zo iJ : n y: 
'^-i-O QoxiiK'i 3\-i; of IS i;^:!';:. '^^ < 



'< ::i.--;5.Bot :c^:)p:r3?;.v^ri1.-a-&:io;;i^ in V/sX„ 
:','" ^irj-.^i/sn -^r^; IIiq oth.Dry t\iliic''i his 

; :■ r ■■■/I ■«.-;;,. 'Xh-cjc'a rrilos 1,^1.13. l^i c.:.'.3- 



■fi ■'^■'■'i 



.,y <■.. 



•^ "•^... i;;yi. \'i.! .-J i^< : 



■': ^t'vo:'::. i.uaiGat-:r> "j.b:3 ;na':;;?i'C? oi "tho 

■:;::: E ■.!.:;: ■••i.osa oont^ntfj is to bo u.soj. 
;;■:■ :,{ ■;<■;■:: ccidroiiJiS acc-l:io::t Is: I'.o'u tju) 
v..:.[y.\ i.r-r athor piij^ro^as, This wj..il 
'■"r di^f'C-iissBci i3icllT.id'aa3.3.:7 > 
,'V:C.t.lc;:.;;; a:ea 'i;^Tp;3!l as a ■[.(ec-j-r-t'jei* 

&:::aotl5'* tjio oaKUs for IW-ij l-Lc-wo'v'C;: - <j 



■t 

i!J!Si?iii;ljiElIl2l!"'""'' ' ""' •"" ■ "' 

0:5ii£i elaJiBix'Ci contains vjithiii it ,:3: : ;:v' 1 logifrsjors v;hich l;al^;o pa:et in th^ 
inforjiiauion prccesolnj^o Tiicj; inoi-'i Ir: ;: r ;oK.1:; of tbeao is the acei?muj.ato:r 
(iVC) J, a sixlsae^i-binary di^i't; regiiiroo;) i'/;;-.lcli Ik. used in .most of '^he VfiVI ■ . 
issuriictionjyo It if? the: AC in 'si^IxLC.b. ^v;.Ij^c: and prcduckjj, for Ins-'iei^iso j> 

• are forifiedo Asiothar 16 cigli; ro^kKJ^r :/■., ii,?e 33 r^gistar CERjj, coji bo 

iriGwod in jniaiiy gbssod as an ox\'en3:',C'-n ;'o tho right of AC, 1'Iie i;!,3es of Hrf 
villj. beooji© apparent latex'c 

bo' It is U;3mii.I:v .n.'-i.A.^-r • .. ■'}') T'-eiit^-: tb.c cc/'itair;;?!: of a stcraga 
register into AC prt/p-^arator^ t-:: --■ ■ •'.' :■-,:■) reM.cr.z^ upon the woi^d v^Irieh 
■ it coiitalaso ^ii 'or this pm:'po3o t:.; : .l':'.:!ng ;';l'/I ijiotructiosB a-vo <3,efla3do 

ca s: .iV'®'-^ "-■ •'■' ^' ■ "■ ■•■■-^■■- §;-^- ^^'^-i ''^^ -"'^* 

ca X alea:?AC aho, ] ;, :a:iti j^ubtrect C\x] from AC 

'iCfci&so instructions pxovid© fl©zib./.j ^v, ■ .ir;, bringing tt.e desircci fGrsi c£ a- 
word in 'MiQli Into AG^ Note 'cJiat th^: y r..i:i, g,1og£ BE. and that "bhey Imxv^ 



a.> The \W1 caa2pirt;Gr hat;; ac^;8:':al iristinxctioGS wliieh o.re '.uJacl • 
for addltio)! aiid subtractlono I'Ik' slL-phBut and i]K>st etraigjitf or^'Jai^i of 



"^The descriptions of v/WI instruct'' (^b-:- x'a tlieso notes are brief and ^'12 
iiiteiicled oniy to point out the liiace ■•■ie-uiiicant j:'oatirr'£;8 of tlio ii?si;rnc- 
tlonso A co22pIoto de:3cription of faj. V/i'/I iastruetions is coatisiiiBd ia 
]il-I624<-2 and in 2-55192, to wliieh r'CA'jrenea should be made„ 



:'Al:]-:'>- 






'<•>,, "Che; :;j.i.r; ■,r'u.c'i<::;. 0:1 dii. 



UXl "C 















r:,, C^OJa] iiiy be :v<;/' ;.;: 

iti3 acidro3B iiectloja hj one,, The 

in X \sntt • 

is -0-, I;a fe'io cases; oaly^ ■>0 t^fSI 

:?.:, jC'J. m;ur jDrs in l^'WI 
tb'^i! ,-i"iK or d:;;i:':::'ci:('0^iee of 'fe) ;mcl 



^^cpo has 'tuo rep;rts3;5n'^ati;>}:B i'a 
'.I.-MImS from, a^dltioiv or f5iibtr'acfc,l':);:i 
i'B.iBG£lo Siiosa .casets a;rs (vOj ^- {-i-o) 

:?rtlOD.a„ It is obT5.ou3l:y pDSirf blfr :''c< 
^3 to qgvbX oir* exeacd ojc?^^. Xf Zh±i^ 



v.lll occurs '3.'lv;! ainiTi, c':ni;::.:.:fl b; ■ ' \ - ■/^::- •:■;.' ci^'^^xr' 5.;? caMe-i i'h:i 

roui^ino',' 1'Jiii.c.h are 'r'ax^n^i^j/s '':■'.; ■.:. ■: ■-. e :;),-vv;::oajT].;;7>r i:i '-lii;-? t'lsi:: In-r/i^ bee^i 
aGSCj,lb,3u in on oar'U.ar ;f!sc;i:.i!::?c. 

a„ la or^j*-?r t-o ::^';:t:::? ■; ^ ;■;:,>"'.;•: ■ ire:- hxixi^ 5o:m prO'Iyecrl lu AC^ 

:i-' Is usually Be oeB?!.'iry 'kj iac.C': ' ■. :■■'■'■■. ..it n. 3';.::rE,2o regis tc:s7c Tb^.s 
1.3 <xoeQ;TiD3ii^had by ')i-e ijip'^xv::.- 



~t:!^- ;.'-: 



■ti 



iWQr:.oxm 0(r) :!..;, Lost ^i)■x^;):^' v.,; r ;i:-ii:; :-avn;j,on ts :v ,■,;■ srocrno^a. 



j^ 



A . J 






/ i -I I, I. L' J, I 1 . 



opei'itioxv :rctlcvi ba:-^.^ Uuch.3;a£::- / if'M' ^/^xa inn-po^c thorais ;>ro-i;i.uco. 
l;]jio Xnsln'uctlos. , - 

t;A x . ten&far :i-.;v: oj. dxiiXtn of- Q {.'£■) to iart 11 a±(slvz 

, of :!:o{p.G''': ? :,:, ,. l^orro Oi'AQ) aM f;lr,.5t; fl-ijxs digits 
of Oix] ■■;:;:^i.u::.;-:;c.i, , , i 

If CKr) \s ?;n instxracitioxk. iil 7:: 0: i:.,,- ::-i ri;v n.acl::7^:)33 i:i&otio3 to ^x; Tvpla<im 
by i-.:i& adni'aa,,:: .socticu of iji:.c w-ra :'..;i /:Ci; 



' ■ ox t: o^ba,ugo (;(::] am 0(^0)^ i.e^g placo Olzj in AC aa^^ 

placB'pjrr'loi:;'.: 0(AC) in 3:^ 
This iniitractloH porMts tha 00 Ja:^ i^o bi^is/^ C(x} into AG as does ea :z^ mxu 
at the «aiiie tiim-. it also store;.? tla© pr:.?vj.ou3 G(AC) :ln Zc, It thiis «ojabina;3 
t\70 logically sepai-^-to i^uixctions iu coa liistniction,» Note that ox x doo?{ 
i}X)t^ cshmigo 0{Hl)o 
TLl^ Traasfej: of oontroJ^, tiie ■li;.ot:.";.ci;i<tas sp r imd co x -«- the A-jniigist^xv, 

ao TiiG V/WI coiig;)Utex' obeyr* Iriei'ructioruj iD.- soquDnce unless a 
specific inatractlon v;j:i:ic.b. br«)a]<:f! 1;i:i5.s oc-quenco is er/Cocutodo 
TiiQ Inatructlon 

• sp zz take nexfc Sii/5t;ruc%ioa from rc-gistor :t: anci <?ojTi*iirue 

oljsyiag, iiistnietic'ds ia sequenco from there 
permita the coder to 'specify a 'bresJz ia tiia sequence Qt Goatxolc Tho in- 
stnictioa ap lis: is aJ^s^ays obeyt:<o^ -.t :le an JiH2^-Sl^jy:.S2^!; ■^rajis:!!*8i' of <Jontra-lo 

bo An e;:t;r0rrBly 7yl'.;a.^:,£ Iristruclion is cp "c^ which pcnritits th^ 
prograiusBar to tm^lsre a transfer of eaiii;rol coatitloaal on the result o:t the 
iiomiadiately praceding calculatioiiv 

«p X ' If CCr) IB na^satiTej, prv^ceod as in sp :q if C(AG) 

is positive. IgBoro thi^ iastruotion mid go 0.1 to 
the' folla'/lnc; instnictioi i;a sequanoeo ^ 
{jp X la the oaly comiui Dn;-^. ijransfor tf.^ooBtrol instruction 
available in the VJ17I computer^ All ''decisions" lii the computer vnh.io'a. 
choose one sequence of operations x^athor theai atiotLr^r are .-rns-deiisii'ig this 
' inst37uctioiio It is possible to ."jati-itsc Tirtual.ly anv critsriosi for eb.oice 
among a nuinber of possible routiiias m a so queace of .suitable "yss-^-no*' , , 
decisionSo It is therefore pcesiblOp using oiLly. the op x in-sti?iictio».s to 
realize even oxtreimsly intidcate and elaborate decisicvi' criteria in the 



Co Wjaejievor an int;i;;viKMova Ui €s:s:ecir&8d by IMIj> that ijixv':/s:i!&- 
tion must,; of cours9^ be lGci:^.tG^. ui a «-';orage rs^^iater* Eacli (^to:;.:«.g^ 
rogistsr has an addross^ y., »'/i.ir;i: ;;¥q:;: an sp x or cp x Instruction ia 
execiAtod in register ^\ tho addre ;^s (3rv:i.) is stored ia the A-^^e/:^if31;6:^ 
(AR) 9 another register of the ari bhe3tic alomanto 'K19 PR is a sixiieexi-' 
binary-digit rv3gista:i?s but onl:y I-ast -aleYon digits are affeetecl by sp t. 
or cp Xo Tho address? y is -bhe re^^inter in which sp. :jc or ep x is Iccatodj 
it should not ba coirrused vdth .t-o£l3ti3,r 3C(, the address wj.thin the sn :s oi? 
ep X iBstniction itself ^ The r-adreeB (s"^-!) is stored in AR on op x oren 
iirhQfl. C(AC) is positiro and cp :s: i.n iy'ihBV^Mlse effectlTely igS'.orGdo 
'(TXIXo Closed sub--routiBo-s — -Mic ii'':!";riK/';3on ta So 

ao ■ Sie ,UfKi of si/b- '/ ■ : '^or^ x,i ■'•h'-- eoliition'of a 'pr obloiii has 
already been diacusf^ed in corx . ,r - lu. Ibe OS coiiiputa:??^ It will ba 
recalled that a sulsroutine is t ^:::^;■lu&j\G^ of instruct ions which imy be 
ontored from several points in ii /.argco? ;-.'Outineo J^fcsu often, it ie drj- 
sired that a sicu3routinG bo ^lor-sMl ; ieOc., it is desir&S that it retu:c!n.^ 
xvhen it is finished,;, to the m;i.lii .;.'Out:lno at the point froxa which it was 
entered o 

bo In writing closed oi'brontines for tho WI computer r, tiie 
instruction 

ta X %TBXiBte-s '-.V-e last eleYon digits of the A-i^gisi.;es 

to tho l.^m- olaven digits of register Xo Lsa^o 
tha operation ssctioii of . r^Jsgister _x and the con- 
tents of all. other registers ujD.changedo 
is inTaiuaMoo Subroutines are iiirariabiy entered usinf? the oporations '. 
fip or cpo The address section cf tho AR is set equal to [y^X) by thai:;© 
InotmxctionSo If tha initial rec^rj-stor of a subroutine' contains the in- 
struct! on ta Xn the address {yKl} ri-ay be? inserted into smy 3*esi store x of 



V/lille it iiaK ii"t been exp:iic:Ul^ ri'v;;l ,.:i %::,--3e viofe •;!;::' -ji-ioao wv;:;r .u:s.v!:;.r';C' 
beforo &;ay iiis1;:ruc1;5.o as which mc.:M:'y -[^'\) m'-i e:ixou-oo... t;a :i.: a:;/Oi;,Ii 1^;; 



■^■^^ 2£;f ..«^£!:S^!£SiSS£ iEvr^A /Sr ;v- ^ '■■' '' " ''•^■'■'' ^'^ivldo ^eX'i'OX' BJ.^X£mo 

a... Wd has two iaBtru ?"■■;{.;■ :;: \ hiei c::'e u,e;3c. to multiply :r.x.':i^m:3, 

,-:■,.; .;.;^^ '^ binar;/ ' •, . :; pr:/^-/: }:n. AC sj3siw:5;L trea-;;!^!^ FR a^^ . 

.. .^\; ;■ ail eid^KrO.:-. .-' "■c .•;-. v :-:',;'Ut cf .-o:. 

to iCij^'leo:-. C'.. I'- :'■':':':' ^J}jp:\<B in AC-.: C:-.&m: Eri:,, 

a tMxt,Y ^31 git ^luiir-or *^'^^^' i'l'-Vi •■ .• • i)r'i\n'y '.'/ '^ft :: ;:;..•// l-^' 

usijcg iBfe< X| th'. prod-:?^^ nay s-c " ' ' / -^v';l ji'f - o * uc .-/ji'? '^1'^ • 
length by u2-.i23<f^i urr Xo In g^neraj - -/ir ::c is liicra fraqre^rUif iisac; a,;'!, c::cii.na5;-/ 
eel eulatl oils than ie I'h Xo 

ba 1)1 'botji- -^tiB Im^irair' : .';•;■•; i-:i ;: oncl ::iW r tuti sign o'' h'/vSi ■ 
product ^i: <jlotGrrua.Gd aocoxilSxiQ i:^ ■■;i--:5 .i.£::7:-l. r:';lo f(':s- >5iii];i;ipi;v:>.>i;;:.'";-i., . la 
pax'^kloiii.e::jj tiiia is ti/ua iiban onrj ^jl i^h,e ..j^ctora -is'-'^O or ^0^ tliv- si-l^si^ of . 
tlia pX'oclAi.ct is still t !3'i;e::'rflli;cd ': i .--c •/"C.xajpy :ea"."i 'Z'lv-Jn.'' t-'j '-^/i ;li g:^ 

c.i KO'S-atilve n"uji)};cx£> i/ • ;:'-3 i/'^gt'-'X rr-5 lo-'. ,2.-1 iiH,'"-;';:;?"; ^i' ^''•"'"' 
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n.oeai;ive nmc!'bt3:Cj 'o^e first fo.:Sir- 'h-'o :?c.;:s:c(}Be\it^don of tiie pos:lt;iTCj 
DX'moT aixi th.o:.i all i'-'^J ;:u:-6) cba:: •': j-:' .;3 j.'^j and. ful X'^s are : c.:ia;^iaO '^x) 
''?:<> S\i-: X'oct that "ihsi oa{i.\OL^n:■:•.'^r■:c.'.r xo:v'iu is uf.K>d ui-Udn \^!Jl ia 
iiornially of ll/Jjolo 3:.gni;Cici;jiKi3 ■;:-> ■'■'^'f wxlero 

KcwTiS^Ter.. i"";. is a pGcu/.l'irl'';;' or tha coiiipiiver i;ha'(; the B-r^JiSlBtii:^' 
in nc>Ter C0Hp3.aDi2n.ted v/hon Uis i';)3r!i-:; of. a jr.i;ltlpi:i.ca1;ioD. oxtemia ijjujo l-^o 
The (iigi'iJS i.n BR aS^^ys ,app;\cS3? ^-.r; th;vl:r' poBitim> xna{?p3.i-!md<i;, o've]]. -vi.ao^igh 
the dig5.i»s in AG ar© coiap3ja£oiit;;d if ;;v:!3 product ir;j jiagatiTe o 

la ox-dar to cb-»;ain th;; dle;U:^s In. BB aS^-h^a^ iliB ma i: ianrirucijioa 
witJi their pT'O-oer alg'!. it In mont; -^o-r lenient to U3<;) a sult;;ible 3:i:>.Hia:?ieaj.- 
stilft larj^xuctlon ijo mmrcs %Mim into .'vO, 'tie shlfl;' ins'fcs^uctxoiis v^ijj bs 
describe!:! in datail later. 

dc," ViWI has OGJ di-^^ido .;:';:t:;'VtCr,L;:>!;u ■ • 

/i:v'ivo3'^ tile G'fcnition o-,C -' - :._ i C- crd' i;:.\i..:i3 a :■ -c Oa tha sair.B 

s:t;':$.E 'IS the t[uctien.t,. The <v-ioi;;l'r, ■ ' ; . :':lj oir: i'; i:: vi^coiaglB^xynted. 

(j-ia': an In tho ca3(; -^^f niiJ k' o? :.■;■' .% var be :ivn:.c1;iva„ .Agai.».j, a 

nu^narlcal-siiiLr';: iDrfcr'-iciion :.«/:> \ .il : ::.. xt'jv uo ovjiiS the qiiotlevrt 

o„ I! tiiG '.liTidsiid ec-y- .u, --r' e^eeeds 'bha divisor ^ tiio rositl-.'ft twIXI 

TDUter wl2.1 s'Sop oa a divide ■»Qrro:,:' alar-o,,. 

ac .iiV(i are all faffilliex^ T^-it^ 1;l58 p3;'OCedyxo of uniltaplyii^g a 
fiecdJial aun>:)>3r l>7 KT -jin^ply by mvyiio.^, xho deoim^Sil point to tiie rigi^t H 

wiiilch .'HD-fFi^'s t,ho .bin&j'y poini; to vho i,;l{;;lit a places sialtiplisis a biiiai^j 
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number h-y 2 • 'Sirailar3.3rs moving -vbe Ijinarey point i;o the Ijeft n places 
divides a binary number by S' „ 

bo ';In WWI, ti#© binary poin;- is fi:cGd at the left immadiatoly 
following tho si gn* Tho binary poinu cannot bs siovedj but the sejiiQ 
e.ffoct inay b© achieved by shifting; tiie iiui^-bGi? itself vjith respect to the 
fixod binary point. If tho m?i«.br.r is shif^-od to tiio rij^yb.t, it is equiva^^ 
lent to moving the binary point uo tho lo:;?t, and vico vev-sa* 

c. 1510 num3rioal~shift instructions in IWI ixeovide a maana 
for BhiH'ing the combined contents of AG and BR to tho right or left, 
thereby dividing or Einltiplying by tho co2?re3ponding power of tivo* ^ Itne 
shift^loft instruction Is usQfv.3. for bringing 0{WR) into AC. Since these 
■ are DUiserical shift InstructionB . the sign die^it (digit O) ,<^ AG is not 
shifted; only thos© digita of AC ; ;M BR i^hich actually are numerical 'toko 
part in tho shift, i/^hon tho ?:!:'■■ r-<: .f'G :ls aggative^ 0(A0} is assasisd to ■ 
be cojnplamontod J bub OfER) 1b .&,,/:, wai- cp:c;r3SpoM;:i to the' lusmaf^r In 
^ich negative results aro storea In AG ana I3R after the instructions 
smi X and dv Xo 

slh n ^^^"^ ''^'■^^^- -o^'^^i^-^ ^^ s^d ER to 1;ho lof-fe n* plac©53«, 

Hold a3.1 digits ;ln AG and BS aftsr the shift,,, 

sir n '. Shift the coiabined AC aj2d BE to tho left n* placeo., 
Round -off the G(AC) on tho basis of the jiiagnitud© 
'of C(33R) after tho shift • ThQ'a clear BR„. 

srh n Ssin© as olli n^ only shift is to the rights 

■ . srr n Sai3^ as olr n, only shift is to the rights 

In all four of these in£;truetioni3 , digit of AC:ls^n.ot shifted^ 
any digits shifted left out of AC 1 or right out of BR IS are lost j, and if 

% is taten modulo 32* 



C(AC) i:5 nQgn'^iYB^ AO iB coirailGyas-tccl ho::oro anfi agaixi after the nhifto 

do Kote t,ba<; thaso inr:a;n.ict^.on3 clxffer soisewlmt fxom the 
f o;m of •^;hD othor Vfl^I instruc-;;ltv;o c.5,,sr!u3o(Ki so far^ Hrst of all. t^lATOo 
letl;er3 aro requii'ad to sp^.cj,:?y 1:h'^ six:.:/:; operations injitoad of twoo AB. 
threctQ jmizt bo typed or suibiguit;;; wLll lYj.iult.., 

A iioro j^lgQlfic^mt tllf;Cercnc;t :Ihi that tiie address soc/bion of 
tjbioso JLnBtruotions does not rsfei^ oo a storage register at allj. hv:^ sped 
iMGS by JioxAT nany j^lROt^si the nuirl^or is i;o bo ahii'toclo S?.nco onlj- AC an.a 
BR are involYed ia tUeee instiaictionsj, no storago register noGC. bo npoei'- 
flod and tiiQ address soctio.u .niay ba uc-iocl forthis purpose o 

TJio operation sections of gIIi a ejid s3.x^ n are ideaitioal^ as 
aro tiia operJltio:^. ^ectjcrj './-,' :,■>' :. ai,. j^p ;u ISio dlstiiicticn bcturesn 

c.' ':'x.o :>r v.^atl'on r.sc?tion but by digit 6 
: :. ;-:t'. ,: Jjj^io the address E Is saiellr. 



tliQse InHtruetions is n?d3 i:.o-o 
{t,b.3 saeoad dlf4.t Ox -'.he aOdj/i?: 
digit 6 isay be nrytXl vvitb-oa: o;-,-- 
di{5it 6 must ba a or. 05 in rlx^ :~ 
address of ohd of tJiDGO li7?.t:'*;;n 
tlG-tia tlie cod©:,'' raust rcE.OE<loi- ■: 
Go llGtQ that cftr-r c 
In. jnafjnltude that roand-ofx c.u 



.::' ; o.ty„ In sih n aud srh. n« 
- -V^- :mcfc OS a z.arOo JS tha 
■i'L ', " by using a td^,x iastrue- 
u/..'^ coxTGCt value of digit 60 
".Tc/ycriOii^ C(AC) may be so j.arge 
■.o .:;nu£)l miitya''' In this e-asej 



if the instruction cal3^ for rourvo,-off .; the oritbjKrSic-check or aye^^flcw 
alarm val3- raFAilt o 

ao On occasioa.it- is closirablo to isore the digits oi' a word 
ao It stands to tlio left or rigiil; v;ithoiit regard to the niiiiisri col sign!- 
ficaiica of tlm digltSc In' 1;hi8 oa-ie^ th^v oign digit is. treated lilvD ony. 



^■f*d«<w«trrBTrrir.^3!i»*flBB»*»aMBe'p.t" 



*This ocours when C(AG) «^ 1«2 
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' ' ■ • . ■ IS 

other digit; tlio process is sim?)!:/ ojio of reorienlJiag the digits v^rithou-fc 
regard to their HBaning either as a nuinber or an instructioao 

Tivo iiisftructions qtq avolleiblo for executing this op oration 5 
blh n Cjrclo tho combinod AC and BR to th© lof^b hy a 

p3acsQ<, Carry any digits cyclsd out of AC into 
BR 15. Hold all digits at the oml of tho eycloo 
61c a Sain©, as <OJi n. eiiccept clear B3R after the cycliingo 

bo Note that AC and lyR a:?-:! t related as a closed riag| digits 
cycled out of tlie loft of AC apjio-xr et tho right of m» No romid-'Off 
occurs. Digit 6 of clc a must be s^ioj d:lgit 6 of clh a must "bo 1„ 
XII o Sca le factorin g: - the imir,T\iotixm Bf Xo 

a, S^actioas may, in gcnexalt, hava oae or niore seros belru'irGoa 
the biaary poiat aad the first i?i; rdflcani digito These zeros ar© not 
significaatp ia the sense that -'liv fiaetdoii tc&j equally well be expressed 
as aaother fractioa (ha-iTiag no xnltlal i^eios) times 2"^^ v/her© H is tha 
number of initial zoros in the omgmai fs'actiono This latter form hiis 
■the advoatago that all its aiimericai digits are significant j> so that the 
aunKsrical iralua nay be expressed to full fif teon-binary-digit precisioao 
UoxmrQT^ ia performing arithflBtie operations oa aiambars expressed in this 
form J due account must be taken oS: the factor 2 associated with eacii 
number; they canaot be combined directly using Ml arithmetic jjnstructioaso 
bo The iastruction 

at X scale factor the coiubined AG end BR 2 ioOo© shif-fe 

the conteato of AG and ER left until there ar© no 
initial seroso Store Nj the number of times 
shifting was necagssaryj, in the address section of 
X and of AP 
permits numbers t.o be expressed easi3-y in scale factoa^ed fomio Hote that 



M 
tiio proced'uxe for faaacU-ing tJie snalo- ■factored niimbers must bo God.ecl by tlm 
user; in the WI couiputQr^ no autoniatlo facilities exist for taking scalo 
factors iato account « sf z treats m^mbora numerically ^ just as do the 
sliift instructionSo 

Sine© N appsars in AR as ivoll as in register Xj it may b© plsiced 
in othei' registers also by using the ta operation iMTiofiiately follCTJing 
sf Xo 'ShQ operation section of x is unctiaaged by sf x; tMs should nor- 
jjially be zero before the sf x iiiBtruction is executed* If C{AO -:• BR) is 
+0^ K is set equal to 32o 
Xtllo The |,^gtouction^_ sa _x ^^;^^^ 

a« Normally, if 'ijhe result of an addition is as large an uni-ty 
in magnitudes an overflow/ alarm oocurso Occasionally ^ the coder will find 
it convenient to permit an o'yerllow to occur without alaraip taldng account 
of the overflov; later in the rDntin©^ ^lia instruction sa x^ £peoial«;acld x^ 
differs from the inst3^etion ad x only in its behavior in the event of 
OTrerflow* 

sa X add C(x} to CCAG}^ store the fractional part of the 

suDi in ACJo Store the integer part of the sum 
(0» -^Ijj or -1} tirraa 2 in speoial«»add memory 



{sm)o (^d.-?B no overflow alarm,* 
SAM is a special register of the orithiiietie eleinanto Its only possible, 
contents are 0, +1, or ^Ij, and thssQ are stored in SM only by the sa x 

instractiono 

bo The contents of SAM after the instruction sa x is oxocutod 
Bjay be ug^ by oxeeuting one of the instruct idns ca Xj> cs Xj, or cm Xo 
If 0{SAM) "jbo then C(SAM) is added to the word which othervrise would be 
brought into AC by these instructions ^aBd the sum is placed in ACo 
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V/hoa O(aAM) « 0, tMs addiUon does nob change G(x) ond tho ca Xj, cs x^ 
aiid cm X iastructiona bohavo . as was clesci^lbed eai»lioro SM is always 
cloarod whoa ons of the instructions ca 2:,, cs 3C» or ciu z is ozocutodo 
Ho'fce that an ovorflovj alarm will oociir on these instructioaa if -uho 
addition of C(SAM) causos the number tjhich is to b© placed in AC to 
equal unity <, 

Co ^Eho execution of any of the folloi'/ing infrbruotions clears 
SAM TJithout using its contents; ab x, ad s:» su x^, ao Xj> dm Zj, m? x^ h&l x^ 
dv X, sir X, slh s, srr x» srh Zj sf Xo 

do SM may always ba assi^jusd to be clear after the read'-in of 
a program tape© 
XIY. The instruction lud Xo 

a« A logical instruct:', on 5. useful for retaining certain digits 
of a word udiile setting the othe;: digits eoual to zero, is 

jBd X logically .uiiiltiply each digit of C(AC) by the eamo 

digit in Ciix) and pMc© result in A0« 

The effect of this instruction is to set the digits of AC which 
correspond to zeros in x equal to aerOp and to leavo the digits of AC 
which correspond to ones in x u.iio.bangedo 

bo M X is a non«ari'aliffi3tic instinxction; it treats C(AC) and. 
G(x) sijirply as an array of digits, without regard foi' their nuinerical 
significance o 
XTo The instruction clc x «■"» t he chock-registoralariiu 

ao ^e instruction 

ck X Compare C(AO) and C(x)« If they are identical j> 

proceed to the next instruction; if they dif f er^ 
stop the coEmuter in a checks-register alarmo 
enables the coder to stop the computer in case a coiKputod v?ord does not 
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agree escactly with some predotermined -yalxiQo 

bo 13ie iaE'bruetion clc x is rarc^ly used in inatixeiratical com™ 

pu'batJions * It finds its widest application in coding vMch inTolYos 

uso of auxiliary equipmont by the con^utero It laay be onployed for 

instancQ to insure that inforioation iias boen transferred correctly 

ft^m an extomal unit to the cojTi^putero 

^^^o Tho input'»outp ut instru ctioaB — the instructio ns si andsi 1 ~- 
the program a3^,im and th e inactivity alarm» 

So Til© remaining instructions are used for controlling th© 
input and output equipisjsnt associated with the Wfl computer o This oquip- 
xnent ©ncludes, among others^ the photo-electric tape reader » the Fleso^- 
writer typewriter, the itagnetic tape units ^ and the magnetic druuio The 
details of coding for the ix^ut^output equipment will be discussed in a 
later lecture; only the featurea of the iaput«output instructions which 
are comnion to all equipjraont win bo considered horoo 

bo 'BiQ instruction 

si pqr select the Jiiput or output device ^ecified by th® 

address pq:eo \ 

\ , ■ 
is used to select an auxiliary ds-Fiee aM^ if that device has raore than 

one m^ode of operation, to specify the desired modOo The address pqr 

associated v/ith each unit and mode Mist be determined from a table of 

si addresses o frequently, C(AC) at the tlvm si pqr is executed is used 

to give further infornation in selecting the unit 5 at other times ^ G{AC) 

is iinmaterialo si pqr always leaves all registers of the arithisstie 

element undisturbedo 

Co After a unit and isode have boen selected using the si pqr 

instructionj, whichever of the follogjing instructions as is appropriate 

may be executed: 
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rd a read on© word from the soloctad dovic© into A&V 
rc n 3?eccxrd the xrord in AC oa th© sslootod dovic© o 
laavo 0(AG} imciioiigodo 
OSie address n is usually immateilalo 

do It is obvious that, if the auxiliaiy device has boen se- 
lected in a recording mode, the instruction rd n is il3.ogical; similarly, 
if a read mode has been selected, the instruction re n cannot logically 
be given. If such a laistake occurs, the computer stops on a ^^ogragi 
alarnio 

Oo When a group of consecutive words is to bo read oi* ro~ 
corded, the following instructions imy often be ei?g>loyed: 

bi X read a block of n consecutive words into MOM 

starting at rogiater Xo 
bo 2 record a block of a consecutive words out of MCM 
staruing at xGgistsr So Leave the contents of 

' . these registers imchangedo 

«15 

+n 3C 2 must be in AC at the time the bi x or bo x instruction is 

executed* After the instruction is completed j C{AC) « x-^n^ 

f o The illogical use of bi x or bo 2: will result in a program 
alarmio 

go Some of the auxiliary equipment is ^^o^^^i^s> ^^^ ^^ ^ , 
or bi X instructions must be given frequently enough to Sreep pace with 
the free-running unitso If this is not done, the computer v/ill stop on 
^^ ifiO-ctiy ity^ alarm* 

ho ^o si addresses are used to stop the computer 

si S:1k>p the eoif/putero 

si 1 Stop the computer if the '^TOP OU si 1" sv/itch is 

on; othervjise, continue to the next instruction « 
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The "STOP ON si 1" switch is on the coatx'ol console » aM is set by the 
computer operator as request ed by the codoPo The "STOP (M si 1" switch - 
will be on unless othei^wise requosteclo 
XVII » Parit y aiLaniio 

The coder uny occasionally encounter an alarm which has not 
been discussed with any of the VfWl in.gt rue t ions p 

Each time a core«memory i-egister or a register on the magnetic 
dram is referred to, a so-called "parity check" is carried out to d8ter« 
mine whether one of the digits in the register has eiisnged since it vjas 
recordedo In virtually all cases -fjiho parity check is completed success- 
fully and eoiE^uter operation continues© 

Occasionally, hoAreverj a computer malfunction causes a faulty 
recording or a change in the infonoation recorded in a register o IVhon 
the parity check detects this, the computer stops on a parit y alarra<, A 
parity alarm, laay also be obtained if a non'-€?xi stent inagRotic«druiii group 
is selected by the coder o 

Should a routine stop on a pa:rlty alarm not tx'aceable to an 
improper drum reference, it inay be some consolation to the coder to know 
that the alarm results from an error made by the computer and not by the 
codoro 
X\nxIo Test stora g e ^"^ registe rs and Xo 

Qo It has been mDntionod that the registers of core mersiory 
are numbered starting at address SSo Registers through 31 ^ which q3?q 
na&^ part of core memory > exist and are referred to as .^Q£'5, Jgl^Si^» ^<^st 
of the registers of test storage have their contents set into them by 
toggle switches; the contents of these registers cannot be changedo Five 
of the test-storage registers are SMiB:^2^9 ® ^^3sa of storage register 
whose contents can be changed ^ 
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bo In general, the rsglsuers xvith add2»esses less 'chan 32 
sijould not be uaod by the codcr« Thor© are only 'fcvjo exceptions to tols 

Co The first of these oxcoptions is concerned with the raad*- 
in of program tapes, The coder B!ay desire that a routine terminate 
not by stopping the computer, but by reading in a nev/ tape, containing 
additional data or a diffe3?ent routiiiQo This may bo accoii5)lished, if 
desired, by transferring control to register 2(1 (by usi» of tho instruc- 
tion sp 2S or cp 25) o Register 26 is the first, register of the initia- 
ti^ routine for the input progranii; trajisferring control to this regis- 
ter is equivalent to pushing the PJHAD BT button on. the coaputor console^ 

do The coder may also imke ubo of the contents of registers 
and lo Register Q permanently contains the mimber +0; register 1 
contains the number -t-l x 2 '*-*^^ ^lie coder need not store either of these 
constants in his routine; he may use C or 1 as the address section of an 
instructiono Any attempt *<> chaja^^e G(0} or 0(1) will not be suceessfula 
but the coE^utar will simply proceed to th& next, instruction w3.thout 

alarm,* 

note that the operation seetioix corresponding to the instruo- 

tion si consists entirely of 0*s* Taus^ the wo37d •^0 is also the in-* 

stiniction si and tho word -^-X 7. 2,^ is the instruction oi !« A ?my 

of stopping the coirgputer is tfeo iJistruction sp (cp 0)o ^e computer 

stops by obeying the instruction si in register Oo 

XIXo The _^^i)anel_^3ntrol ^ buttons o 

glo The control buttons ax*e used by the computer operatoro 

An understanding of their function is Tery valuable to the coder when 



'^Th^ instruction ao 1, oddly enouglip produces <'2 x s" * in AC, although 
C(l) remains unchangod« 
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^TTi'fcing out his ,SS23SSS^^£ iEEM'-'v'i- 

' bo Pressing the READ DT button* brings into operation a sei^/iee 
routine callod the group 11 input p:'ogram<, Among the iBany functions 
which may be perforiiiecl by this routine is the raading of paper tape via 
tho photo-electric tap o reador (PEITO o All tapas are normally road into 
the compuber using this routine « 

Co When the ERASE button is pressed boforo pressing the i^^EAD BT 
button, tho group 11 input jjrogram erases core memory before I'oading in 
the next tape© Othenvise, no oraoing is dono; tho tape n^iich is road 
is superimposed on the previous contents of core memory o 

do The STOP button stops the computer ^ and is used v/hsnever 
it becoinas necossa3?y to stop ops5?atlon manually <> Norimlly, th© com=» 
puter stops automatically on the instructions si or si lo 

eo Tho RESTART button caufnes tho coisputer to recoizationco opera- 
tion at the register iramediately fo3,l0v7ing tho one in v/hieh it stoppodo 
It isay bo used either following the instruction si or si 1 or after 
the STOP button has been prossodo 

f o Tho STAET OVER button enables the operator to start the 
coHcputer at any register of ca<,^ DmaoTy^ The address of th© rogiste:^ 
must be entered by tho operator in a sot of toggle^-syjitches provldod 
for this purposoo 

go Tho START OVER AT 40 btitton starts computer operation at 
register 32 (this is equivalent to 40 in the octal nuitibar system) o 



Exercisos on. WX 



•n«fc»«Ert»fct»«8«m(^,K-/«<f<»rr»"; 



lo 317 nruubsrs are storod in coussoutiTo registers starting at 
addross blSo V/rite a routine wliicli .placoa tlio sura of all thaso 
numfaors in register 32 and than goos on to the next instrut^tion.© 
Assiune that the numbers are such that no overflwv will occur and that 
register 32 initially contains •^0« (V words) 

2o If digit 13 of AC is a on% transfer control to register rlj if it 
is a zero, transfer Control to z'e^p.stGr r2o (3 words) 

3o Register jn5 contains a ivord. vihose address section gives the loca^ 
tion of a number o If this auaibor is posit it-Og transfer control to 
register ql2, if it is ne^tiire stop the cosrputero (5 v;ords) 

4o Change the operation section of the word in register b2 to lOTp 
leaving its address section unchanged, then transfer control to regis- 
ter t5. (7 v/ords) 

5o ^/hich instruction clears both AC end BR? 
k^hich clears AC without affecting H?.? 
.Vhich clears BR without affecting AC? 

6« Repeat ©sercis© 1, vjithout roaking the assumption that no overflow 
?Jill occur «. Stop the addition vjhen either the end of the list of aum«= 
bers is reached or an overflovi occurs o The ovarflovf jnay be of either 
signo Be sure that the number v/ hi ch actually caused ovorfloff/ is not 
included in the sum in register 3S« ;/hon the additions are stopped 
for either reason, proceed to the nsrb instruotion<, (14 words) 
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7. i('/rit© a closed subroutine #iich raises C(AC) to the ife^th powor 
and stores the result in AC„ m x S"-^ is stored in the register 
immediately follaving the sp instruction ivhioh entered the subroutine o 
Control should be returned to tho register iinmediataly following the 
one containing a x 2"*-^^. {a 0) (19 words) 
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